Importance: Homer proteins are a family of scaffolding proteins of the postsynaptic density. Homer-3 colocalizes and modulates the activity of group I metabotropic glutamate receptors (mGluR1 and mGluR5). Cerebellitis has been reported in association with antibodies to mGluR1. We describe the second patient with cerebellitis and Homer-3 antibodies and report a novel, highly specific immunoblot assay.
neural (Hu, Yo, Ri, CV2, Tr, amphiphysin, and Ma2), glutamic acid decarboxylase, and mGluR1 antibodies. Immunohistochemistry on rat brain revealed immunostaining of the cerebellar molecular layer. Homer-3 antibodies were demonstrated by immunoblot of recombinant Homer-3. The clinical features of this patient and a previously described patient with Homer-3 antibodies are similar to those of patients with mGluR1 antibodies.
Conclusions and Relevance:
We report the second case of autoimmune cerebellar ataxia associated with Homer-3 antibodies. The presence of Homer-3 autoantibodies should be considered in the differential diagnosis of patients with subacute cerebellar ataxia of unknown cause. February 11, 2013 February 11, . doi:10.1001 February 11, /jamaneurol.2013 February 11, .1955 C EREBELLAR ATAXIA OF SUBacute onset and cerebrospinal fluid (CSF) pleocytosis typically occur in children and young adults following a viral infection or a selflimited respiratory or gastrointestinal febrile episode. 1 In older patients, subacute cerebellar ataxia may have a paraneoplastic origin. 2 In this setting, onconeural antibodies are excellent markers to identify the cerebellar syndrome as paraneoplastic.
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2 Systematic screening for autoantibodies in patients with nonparaneoplastic cerebellitis has identified a limited number of relevant antibodies: glutamic acid decarboxylase, 3 metabotropic glutamate receptor type 1 (mGluR1), 4 and contactin-associated protein 2.
5 However, there is a subset of patients with acute cerebellar degeneration in whom onconeural or autoimmune antibodies are not identified despite a suspected autoimmune cause. Recently, antibodies against Homer-3 were identified in a 65-year-old woman with cerebellitis. 6 The Homer-3 isoform is almost exclusively found in the cerebellum at the postsynaptic density. 7 Metabotropic glutamate receptor type 1 is a G-protein-coupled cell surface receptor that mediates slow cation conductance and is highly expressed at the perisynaptic site of Purkinje cell dendritic spines. 4 The intracellular domain of mGluR1 interacts with Homer-3, enabling multimerization and clustering of the receptor, which are critical for neuroadaptation. 7 We report a second case of cerebellitis with Homer-3 antibodies and compare the clinical profile with patients with mGluR1 antibodies.
REPORT OF A CASE
A 38-year-old man was admitted for acute onset of headache, nausea, vomiting, and confusion. per liter, multiply by 0.001], 78% lymphocytes), elevated protein level (0.111 g/dL; to convert to grams per liter, multiply by 10), negative oligoclonal bands, and normal IgG index. Results on brain magnetic resonance imaging (MRI) and screening for antigliadin antibodies, viral and bacterial infections, tumor, and systemic, metabolic, and thyroid diseases were negative. The patient was treated with cycles of intravenous immunoglobulins and steroids with partial improvement. Later, he received oral steroids for 24 months. Currently, the patient is on a daily dose of 7.5 mg of prednisone. He has mild dysarthria and gait ataxia, but he is able to walk without help and can independently carry out basic daily activities. Repeated screening for neoplasia has been negative, and the last brain MRI showed mild atrophy of the vermis and cerebellar hemispheres (Figure 1 , and contactinassociated protein 2 [Caspr2]), onconeural antigens (Hu, Yo, Ri, CV2, Tr, amphiphysin, and Ma2), and glutamic acid decarboxylase were negative. Indirect immunohistochemistry on rat brain sections showed an intense immunostaining of the molecular layer of the cerebellum and weaker reactivity with the cytoplasm of Purkinje cells. This pattern of immunostaining was identical to that seen in a previous patient with Homer-3 antibodies. 6 To confirm the presence of these antibodies, we developed an immunoblot with purified Homer-3 protein fused with a glutathione S-transferase tag. Briefly, the complementary DNA fragment encoding the Homer-3 was subcloned to the pGEX-4T3 plasmid (GE Healthcare Life Sciences) that contains a glutathione S-transferase tag. Glutathione sepharose 4B (GE Healthcare Life Sciences) was used to purify the expressed protein. Immunoblot with purified Homer-3 showed that the patient's serum identified a protein band of 73 kDa corresponding to Homer-3 (Figure 2A) . A similar band was identified using serum of the previously described patient with Homer-3 and a commercial Homer-3 antibody (Santa Cruz Biotechnology, Inc) but was not identified with 45 control serum samples, including samples from patients with ataxia (23 samples) and healthy subjects (22 samples). Positive serum samples did not recognize the glutathione S-transferase tag ( Figure 2B) .
Clinical features of patients with Homer-3 and mGluR1 antibodies are summarized in the Table. Most patients were female and middle-aged except one who was 19 years old. Two of the 4 patients with mGluR1 had a remote history of Hodgkin lymphoma. No other patients developed an underlying tumor or additional autoimmune disorder. The onset of disease was always subacute, the initial MRI findings were normal, and all presented with CSF pleocytosis. Cerebellar symptoms improved, at least partially, in half of the patients.
COMMENT
We describe a second patient with cerebellitis associated with Homer-3 antibodies, suggesting that these autoantibodies are relevant in the diagnosis of primary autoimmune cerebellitis. To confirm the presence of Homer-3 antibodies, we developed an immunoblot test using a glutathione S-transferase-tagged purified fusion protein that provides unambiguous results. Antibodies against Homer-3 were previously identified in a 65-yearold woman with a similar clinical picture of subacute onset of ataxia, CSF pleocytosis, and normal findings on brain MRI. 6 Repeated tumor screenings failed to show an underlying tumor in both patients, suggesting that Homer-3 antibodies associate with nonparaneoplastic cerebellitis. Presently, only a few antibodies may be useful to identify nonparaneoplastic cerebellar ataxia. The targeted antigens are synaptic cell surface proteins such as mGluR1, 8 whereas glutamic acid decarboxylase and Homer-3 are intracellular. The cerebellar ataxia associated with glutamic acid decarboxylase antibodies usually has a more chronic evolution and pleocytosis is unusual. 10 A recent study identified Caspr2 antibodies in 9 of 88 patients (10%) considered to have idiopathic ataxia. 5 Seven of these patients had additional disorders (limbic encephalitis, sarcoidosis, other antibodies) or limited clinical information (none with pleocytosis) and the serum samples of the remaining 2 patients did not react with cerebellum, suggesting that other mechanisms were likely involved. 5 Homer-3 and mGluR1 are expressed predominantly in the dendritic spines of the Purkinje cells of the cerebellum. Homer-3 specifically binds to the mGluR1 Cterminus, thus regulating the trafficking and clustering of mGluRs and modulating their functional activity. 7 Homer-3 also binds to inositol 1,4,5-triphosphate receptors in the smooth endoplasmic reticulum. The physical linkage of mGluR1 to inositol 1,4,5-triphosphate receptors via Homer-3 complexes is physiologically important for postsynaptic calcium responses to mGluR1 stimulation. 7 In line with the close relationship between mGluR1 and Homer-3, the clinical symptoms of our patient and the previously published Homer-3 case 6 are very similar to the symptoms of 4 described patients with mGluR1 antibodies. 4, 8, 9 Our patient and one with mGluR1 antibodies (Table) initially presented with additional symptoms of encephalitis, a relatively common finding in patients with cerebellitis. 1 Both antibody specificities associate with subacute onset of cerebellar ataxia, normal findings on brain MRI, CSF inflammatory changes, and partial response to immunotherapy. The latter is probably explained by the observation of Purkinje cell loss at the autopsy of one of the patients with mGluR1 antibodies (patient 4, Table) . 11 It is unclear whether the suboptimal response to first-line immunotherapies is due to the fact that Purkinje cell loss occurs earlier in the clinical course and whether more intense immunotherapy up front could prevent irreversible damage of the Purkinje cells.
The detection of well-characterized autoantibodies is important in the diagnostic workup of patients with cerebellar ataxia to establish a probable paraneoplastic or autoimmune cause. We have now developed a highly reliable immunoblot test for the detection of Homer-3 antibodies. Our report confirms the association of Homer-3 antibodies with primary autoimmune cerebellitis. These antibodies as well as those targeting the closely related receptor mGluR1 should be included in the differential diagnosis of middle-aged patients with subacute-onset cerebellitis.
